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V. 


The  first  position  exaalned  for  linkage  to  protein  Mas  the  8-positlon  of 
the  trichothecene  Molecule.  Following  a  published  procedure,  anguidine  Mas 
converted  to  its  86  alcohol]  analog  by  treatment  with  selenlua  dioxide. 

Further  oxidation  with  pyrldinlua  chlorochroaate  yielded  the  unsaturated  8- 
ketone.  This  ketone  mss  readily  converted  to  Its  oxlalno  acetic  acid  analog 
and  coupled  to  protein  by  i.  aixed  anhydride  procedure.  The  bovine  serua  albu- 
ain  (BSA)  conjugate  yielded  an  incorporation  of  25  trichothecene  units  per 
aolecule  of  protein  and/^he  bovine  thyroglobulin  (BTg)  conjugate  yielded 
60  units  of  trichothe^dne  per  aolecule  of  prottin.  These  two  conjugates  were 
used  to  laaun bl ts .  Anti-T-2  toxin  activity  in  the  sera  was  deaon- 
stratecfTn  an  enzyme  laaunoassay  (EIA).  Selected  sera  have  been  analyzed  in  a 
competitive  Inhibition  radioiaaunoassay  (CIR1A)  to  deteraine  crossreactivities 
for  ^Tr2  toxin  and  related  trlchothecenes. 

*^*Two  staple  syntheses  of  T-2  toxin  froa  readily  available  anguidine  were 
developed..  Use  of  3-aethyl-3-butenolc  acid  Instead  of  isovaleric  acid  in  this 
sequence  zbHosied  by  selective  reduction  with  trltlua  gas  has  provided  a  weans 
of  preparing  radiolabeled  T-2  t fXTTPw i-th^h i gh  specific  activity. 

After  nuaerous  unsuccessful  atteapts ,*^he  synthesis  of  the  4-keto  analog 
of  HT-2  toxin  was  achieved*.  All  atteapts  ^introduce  the  oxlalno  acetic  acid 
aolety  at  this  position  went  unsuccessful.  The  synthesis  of  the  3-healsucci- 
nate  of  HT~2  toxin  was  accomplished  in  two  staple  steps,  and  it  was  coupled  to 
BSA  by  the  aixed  anhyd£i<fe  procedure.  An  incorporation  ratio'  of  19  aoles  of 
hapten  per  aole  of  BSA  was  obtained.  This  conjugate  Will  be  used  to  ianunize 
rabbits . 
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Summary 

Antibodies  with  narrow  structural  requirements  for  binding  are  useful  in 
specific  assays.  Antibodies  which  bind  a  variety  of  structurally  related 
compounds  could  be  used  in  detection  of  classes  of  coapounds.  Therefore,  we 
have  started  exploring  the  relationship  between  iaaunogen  (hapten)  structure 
and  the  selectivity  of  resulting  antibodies  to  various  of  the  trlchothecenes. 
He  are  synthesizing  laaunogens,  using  thea  to  laaunize  rabbits  and  exaalnlng 
the  polyclonal  sera  for  their  selectivity  for  various  trichothecene  coapounds 
before  atteapting  to  prepare  aonoclonal  antibodies. 

The  first  position  examined  for  linkage  to  protein  was  the  8-posltlon  of 
the  trichothecene  aolecule.  Following  a  published  procedure,  we  converted 
anguldlne  I A- 1 )  to  the  8Y  alcohol  A-2  by  treatment  with  selenium  dioxide. 

The  alcohol  was  further  oxidized  with  pyrldlnlua  chlorochroaate  to  the  unsatu¬ 
rated  ketone  A-3.  The  ketone  was  readily  converted  to  its  oxlalno  acetic  acid 
analog  AH[  and  coupled  to  protein  by  a  aixed  anhydride  procedure.  The  bovine 
serua  albuain  (BSA)  conjugate  yielded  an  incorporation  of  29  trichothecene 
units  per  aoleculo  of  protein  and  the  bovine  thyroglobul in  (BTg)  conjugate 
yielded  60  units  of  trichothecene  per  aolecule  of  protein.  These  two  conju¬ 
gates  were  used  to  laaunize  rabbits.  Anti-T-2  toxin  activity  in  the  sera  was 
demonstrated  in  an  enzyme  immunoassay  (EIA).  Selected  sera  have  been  analyzed 
in  a  competitive  inhibition  radioimmunoassay  (CIRIA)  to  determine  crossreac¬ 
tivities  for  T-2  toxin  and  related  trlchothecenes. 

Ouring  this  report  period  we  have  developed  two  simple  syntheses  of  T-2 
toxin  (A-3 2 )  from  readily  available  anguidine  (A-l ) .  Uae  of  i-methyi -3-bute- 
noic  acid  instead  of  isovaleric  acid  in  this  sequence  followed  by  selective 
reduction  with  tritium  gas  has  provided  a  means  of  preparing  radiolabeled  T-2 
toxin  with  high  specific  activity. 
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After  nuaerous  unsuccessful  attempts,  the  synthesis  of  the  4-keto  analog 
of  HT-2  toxin  (H-7)  was  achieved.  Unfortunately,  al.'i  atteipts  to  introduce 
the  oxialno  acetic  acid  aolety  at  this  position  were  unsuccessful.  The  syn¬ 
thesis  of  the  4-healsucclnate  1-3  froa  HT-2  toxin  ( 1-1)  was  accoaplished  in 
two  staple  steps  and  1-3  was  coupled  to  BSA  by  the  alxed  anhydride  procedure. 
An  incorporation  ratio  of  19  aoles  of  hapten  per  aole  of  BSA  was  obtained. 
This  conjugate  will  be  used  to  laaunlze  rabbits. 
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Foreword 

In  conducting  the  research  described  In  this  report,  the  Investigators 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Anlaals,”  prepared  by 
the  Comittee  on  Care  and  Use  of  Laboratory  Anlaals  of  the  Institute  of  Labo¬ 
ratory  Anlaal  Resources,  National  Research  Council  [DHEW  Publication  No.  (NIH) 


78-23,  Revised  1978]. 
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The  object  of  thia  work  la  to  prepare  thw  neceasary  immunogens  and  use 
thea  to  generate  polyclonal  and  aonoclonal  antibodies  to  the  class  of  tri- 
cothecane  toxins.  Class-specific  antisera  rather  than  compound-specific  anti¬ 
sera  are  the  goal.  The  purpose  is  to  provide  antisera  which  could  be  used  to 
detect  this  class  of  coapounds  at  low  enough  concentrations  to  peralt  protec¬ 
tive  reaction  or  to  deteraine  the  safety  of  the  envlronaent  after  decontaaina- 
tlon  procedures  are  undertaken  in  a  chealcal  warfare  situation. 

The  trlchothecane  aolecules  are  too  saall  to  be  laaunogenlc  per  se.  but 
aust  first  be  linked  to  a  large  aolecule  (carrier)  such  as  a  protein  by  a 
covalent  bond.  The  resulting  conjugate  will  then  stlaulate  antibodies  capable 
of  binding  the  trlchothecane  (the  ligand).  The  ability  of  the  antisera  to 
discrialnate  among  slallar  aolecules  (antibody  selectivity)  is  very  auch 
Influenced  by  the  position  and  properties  of  the  group  which  links  the  saull 
aolecule  (the  hapten)  to  the  carrier.  Most  of  the  work  in  this  area  la  oased 
on  the  pioneering  studies  of  Landsteiner  (1962)  who  showed  that  in  general  an 
antibody  is  aost  selective  for  those  portions  of  the  hapten  which  are  not 
directly  involved  in  the  link  to  the  carrier. 

The  affinity  of  an  antibody  for  the  ligand  (antigen)  it  of  considerable 
Importance  in  developing  an  iaaunoassay  procedure,  since  the  sensitivity  of 
the  analytical  method  is  dependent,  among  other  things,  upon  the  antibody 
affinity  constant.  Hydrophobic  and  hydrophi 1 ic , Interactions  between  antibody 
and  ligand  contribute  to  this  affinity  as  do  the  presence  of  electrically 
charged  groups  and  rr  electron  interactions.  The  greater  the  resemblance 
between  the  hapten  used  for  Immunization  and  the  aolecule  to  be  analyzed,  the 
higher  the  affinity  that  can  be  expected  fa  the  antibody. 
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2 . 0  Rationale  for  the  Proposed  Work  t 

In  order  to  achieve  high  antibody  selectivity  (that  It  to  obtain  anti¬ 
bodies  which  can  discriminate  well  aaong  slailar  Molecules),  one  normally 
positions  the  linkage  between  hapten  and  carrier  on  a  portion  of  the  aolecule 
which  rewains  invariant  aaong  the  differing  substances  which  say  interact  with 
the  antibody.  To  obtain  antibody  selectivity  only  for  a  group  of  coapounds 
rather  than  a  single  aeaber  of  that  group,  the  principles  discussed  would 
dictate  that  the  link  froa  hapten  to  carrier  should  be  In  a  region  of  a  hapten 
aclecule  which  varies  within  the  series.  Functional  groups  and  structural 
features  which  are  essentially  invariant  aaong  the  series  should  be  left  free 
so  that  they  can  contribute  aaxlaally  to  enhancement  of  antibody  affinity. 

Application  of  these  precepts  to  the  trlChothecane  series  leads  to  the 
following  conclusions: 

(1)  The  3-hydroxyl  group  which  is  a  coaaon  feature  of  this  series  should 
be  left  free. 

(2)  The  epoxide  structure,  which  is  coaacn  to  all  of  the  trichothecanes , 
should  also  be  left  untouched. 

(3)  It  has  been  our  experience  that  "leaving  a  hole”  in  the  anclbody 
binding  site  is  less  disruptive  of  binding  than  is  trying  to  insert  a  group 
which  is  bulkier  than  that  found  in  the  hapten.  Thus  the  bulkier  group  should 
be  left  in  the  aolecule  if  there  is  a  choice  (for  oxaaple  leave  the  4-acetoxy 
group  of  T-2  toxin  In  preference  to  a  4-hydroxy  group  of  HT-2  toxin). 

(4)  A  position  in  the  aolecule  where  variation  occurs  aaong  the  series 
wight  be  converted  to  a  structure  slightly  at  variance  with  all  of  the  coa¬ 
pounds  of  Interest.  This  would  probably  reduce  overall  affinity  but  aay 
result  in  a  sore  uni  fora  binding  across  the  series  of  coapounds. 
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Using  these  concepts,  we  hsve  begun  to  exanlne  the  Influence  of  hapten 
structure  on  antibody  selectivity  in  the  trlcothecanes. 
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Trlchothecane  Analog  Synthesis  (Chart  A) 

46.13-Dlacetoxy-3a-hydroxy8clrpen-8-(0-carboxyaethvl loxiae  (A-4 ) 


The  hydroxylatlon  of  anguidine  (A-l .  see  Chart  A)  proceeded  saoothly  as 
reported  (Kaneko  et  al . ,  1982)  by  reaction  with  seleniua  dioxide  in  refluxing 
aqueous  dloxane  to  give  A-2  in  57%  yield  as  crystals  after  silica  gel  chroaa¬ 
tography.  Oxidation  tas  effected  using  pyridinlua  chlorochroaate  and  sodluss 
acetate  in  aethylene  chloride  to  give  A-3  in  88%  yield  as  a  foaa,  after  silica 
gel  chroaatography.  The  reported  ketone  (Kaneko  et  al..  1982)  Mas  character¬ 
ized!  by  TLC,  GLC ,  and  NMR  and  doteralned  to  be  pure  despite  the  failure  to 
obta|ln  crystals.  Treataent  of  A-3  elth  carboxyaethoxyaaine  heal hydrochloride 
in  alnhydrous  pyridine  for  40  h  at  35°C  gave  the  cxlae  acid  A-4  in  45%  yield, 
after  silica  gel  chroaatography,  as  a  foaa.  The  physical  properties  (IR,  NMR 
and  MS)  of  A-4  Mere  consistent  Mlth  the  assigned  structure.  The  oxlae  acid  A^ 
4  was  coupled  with  bovine  serua  albuain  (BSA)  and  bovine  thyroglobulln  (BTg) 
(vide  infra).  Stability  of  the  acid  A-4  (e.g.,  epoxide  cleav&ge,  hydrolysis, 

)  to  the  reaction  conditions  required  for  conjugation  was  deterained  by 
ting  the  alxed  anhydride  obtained  froa  lsobutyl  chloroforaate  with  ethyl 
le  to  give  A-3. 


48, 15-Dlacetoxy-8q~isovaleryloxysclrpen-3q-o  1 _ (T-2  toxin.  A-12) 


The  synthesis  of  haptens  based  on  link  at  C-4  required  T-2  toxin  (A-12) 
as  t^ie  starting  aaterlal.  Although  T-2  toxin  Is  coaaercially  available,  It  Is 
rath|er  expensive.  We  are  happy  to  report  that  during  this  work  we  have  dtvel- 
opedj  two  siaple  syntheses  of  T-2  toxin  froa  anguidine. 

The  synthesis  of  T-2  toxin  (A-12)  froa  anguidine  (A-l )  requires  the 
Introduction  of  an  a-OH  function  at  C-8  and  acylation  with  isovaleric  acid. 
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CHART  A 

Structures  of  Trlcothecanes 
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It  was  fait  that  the  3-OH  poaitlon  should  be  protected  as  a  THP  ether  In  order 
to  selectively  functionalize  the  C-8  position.  Thus,  anguldlne  (A-l )  was 
treated  with  dlhydropyran  and  a  catalytic  aaount  of  tosic  acid  in  tetrahydro- 
furan  to  give  A-8  as  an  oil.  No  atteapt  at  purification  was  Bade  at  this 
point.  The  THP  ether  A-6  was  hydroxylated  as  described  above  with  seleniua 
dioxide  to  give  A-7  as  an  orange  oil  in  C0%  y.'.eld  froa  A-l.  This,  aaterlal  was 
characterized  by  NNK  and  deteralned  to  be  ci'  95%  purity  by  TLC  and  GLC. 

It  has  been  reported  (Kaneke  et  al . ,  1982)  that  the  dlisobutyl-alualnlua 
hydride  reduction  of  the  8-keto  coapound  A^3  gives  predoainantly  the  8a-0H 
isoaer  A-10.  Thus,  A-7  was  oxidized  as  described  above  with  pyrldinlua 
chlorochroaate  and  sodlua  acetate  in  aethylene  chloride  to  give  A-8  in  72% 
yield  after  silica  gel  chroaatography .  However,  when  the  dlisobutyl-alualnlua 
hydride  reduction  was  carried  out  with  A-8.  the  aajor  product  was  deteralned 
by  GLC  analysis  to  be  A-7  Instead  of  the  desired  A-9  in  a  ratio  of  2:1.  This 
was  further  confiraed  by  cleaving  the  THP  ether  with  dilute  hydrochloric  acid 
in  aethanol  to  give  a  alxture  of  A-2  and  A-10  in  the  saae  ratio  as  before. 

The  lsoaers  A-7  and  A-9  were  also  found  to  be  homogeneous  by  silica  gel  TLC  In 
various  solvent  systeas. 

Therefore,  an  alternate  approach  for  the  inversion  of  stereocheaistry  at 
C-8  was  explored.  In  this  approach  A-7  was  treated  with  trlphenylphosphlne , 
isovaleric  acid,  and  diethyl  azodicarboxylate  (Bose  et  al . ,  1973)  in  tetrahy- 
drofuran  to  give  exclusively  the  8a-l sovalerate  ester  A-l 1  in  aoderate  yields 
(54%  based  on  recovered  A-7 )  after  silica  gel  chroaatography.  The  aaterlal 
was  characterized  by  TLC,  GLC,  and  NMR  and  deteralned  to  be  of  95%  purity. 

Its  structure  was  further  confiraed  by  the  cleavage  of  the  THP  ether  with 
pyrldinlua  tosylate  In  95%  ethanol  at  reflux  for  1  h  to  give  the  known  T-2 
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toxin  (A-12 ) ;  a.  p.  145-146°,  reported  (Baaburg  et  el.,  1968)  150-151°,  This 
product  was  found  to  be  identical  with  an  authentic  staple  of  T-2  toxin  by  TLC 
and  GLC . 

After  the  ccapletlon  of  the  above  synthesis.  It  was  discovered  that  the 
Inversion  of  stereocheaistry  at  C-8  can  be  accomplished  by  the  procedure  of 
Bose  et  al.  (1973)  without  protection  of  the  hydroxyl  function  at  C-3.  Thus, 
treataent  of  A-2  with  trlphenylphosphine,  diethyl  azodlcarboxylate  and  Iso¬ 
valeric  acid  gave  the  T-2  toxin  (A-12)  In  40%  yield. 


3.3  46. 15-Dlacetoxy-8q-f (3.4-  H_)l»ovaleryloxylaclrpen-3a-ol(Tritlated  T-i 


toxin. 


Chart  B) 


It  was  possible  to  accoaplish  the  synthesis  of  the  high  specific  activity 


tritlated  T-2  toxin  (8-3)  by  eaploying  3-aethyl-3-butenoic  acid  In  the  above 
sequence.  Thus,  B-l  (obtained  by  the  SeO^  oxidation  of  anguldlne)  was  con¬ 
verted  to  the  olefin  B-2  (Chart  B)  in  40%  yield  using  trlphenylphosphine. 
diethylazodicarboxylate  and  3-aethyl-3-butenoic  acid.  The  physical  properties 


(IR,  NMR  and  HRNS )  of  B-2  were  consistent  with  the  assigned  structure. 

The  tritiation  step  was  initially  studied  using  hydrogen  gas  Instead  of 
tritlua  gas,  and  subsequent  analysis  of  the  product  by  250  MHz  5 H  NMR.  When 


5%  Pd/C  was  esployed  as  the  catalyst,  the  trlsubstltuted  double  bond  at  C-9 
was  also  reduced  along  with  the  terminal  double  bond  in  the  side  chain.  Por- 


tunately,  when  B-2  was  stirred  overnight  with  H2  in  the  presence  of  tris(trl- 
phenylphospine)rhodlua  (I)  chloride  in  toluene,  only  T-2  toxin  was  Isolated. 


cowpletely  free  froa  either  starting  Material  or  the  over-reduced  product. 


Thus,  the  tritiation  was  carried  out  on  20  ag  of  B-2  in  the  presence  of  5  Ci 
of  tritlua  gas  and  trls(trlphenylphosphine)rhodiua  (I)  chloride  in  toluene 
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CHART  B 

Synthesis  of  Tritiated  1-2  Toxin 


0 

.)  <c6h5)3p,  DEAD 
b)  3H2,  ( (C6H.)3Pl3RhCl 


i 


i 


overnight.  Subse 
hexanes  yielded 
of  34.3  Ci/wwol. 
in  the  refrigera|t 
anes)  indicates 
a  aonth. 
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quent  purification  by  PTLC  eluted  with  2:1  ethyl  acetate  in 
[13.2  ag  of  trltiated  T-2  toxin  (]L3)  with  a  specific  activity 
This  aaterlal  was  diluted  to  one  liter  in  toluene  and  stored 
or.  Analysis  of  TLC  (silica  gel,  2:1  ethyl  acetate  in  hex- 
khe  coapound  to  be  stable  under  these  conditions  for  at  least 


3 . 4  3a-Hydroxy-fta-lsovaleryloxv-15-acetoxyaclrpen-4-one  JJL11 


After  having  developed  a  convenient  two-step  synthesis  of  T-2  toxin  froa 
enguldlne.  we  hail  planned  to  eaploy  the  saae  substrate  far  the  synthesis  of 
haptens  for  linkage  at  C-4.  It  was  hoped  to  effect  the  selective  reaoval  of 
the  acetate  funtions  without  affecting  the  isovalerate  aolety.  However,  when 
T-2  toxin  was  treated  with  a  catalytic  aaount  of  sodlua  aethoxide  in  anhydrous 
■ethanol,  the  isovalerate  functionality  was  also  cleaved  in  addition  to  the 
acetates.  Therefore ,  we  explored  alternate  routes  (Charts  C-H)  to  the  syn¬ 
thesis  of  haptenn  based  on  linkage  at  C-4.  All  the  routes  are  based  on  selec¬ 
tive  protection-deprotection  aethodology.  The  first  five  approaches  (Charts 
C-G)  were  unsuccessful.  The  sixth  route  yielded  the  desired  4-keto  derivative 
of  T-2  toxin. 

The  first  approach,  as  shown  in  Chart  C,  Involved  the  introduction  of  a 
6-hydroxy  group  n t  C  8  by  the  seleniua  dioxide  oxidation  of  the  known  THP 
ether  of  anguidine  (Kaneko,  et  al . ,  1982)  as  described  before  (Table  A).  The 
next  step  was  to  protect  the  88  hydroxy  group  as  a  t-butyldiaethylsilyl  ether. 
Atteapted  sllylatlon  of  the  88-hydroxy  function  with  t-butyldlaethylsilyl 
chloride  in  the  presence  of  iaidazole  was  unsuccessful.  However,  the  silyl 
ether  could  be  obtained  in  excellent  yields  when  the  corresponding  triflate 
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Chart  C 

First  Attempted  Synthesis  of  4-Keto  Analog  of  T-2  Toxin 


a)  Se'J-, 

h)  t-Butyldimethvlsily]  triflate  (Corey,  e_t  aj_.,  1983  ) 

c)  OH” 

d)  AcCl ,  Et^N 

e)  Pyridinium  chlorochroinate 

f)  Bu  F_ 

4 
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was  eaployed  in  the  reaction  (cf.  Corey  et  al.,  1981).  It  waa  then  planned  to 
convert  thla  lnteraediate  to  the  4-keto  coapound  C-2  by  a  aerlea  of  atandard 
tranaforaationa.  All  of  theae  reactiona  proceeded  aaoothly.  However,  when 
the  cleavage  of  the  allyl  ether  waa  atteapted  with  tetrabutylaaaoniua  fluoride 
in  anhydrous  tetrahydrofuran  to  obtain  C-£.  extenalve  decoapoaition  waa 
obaerved . 

A  Modification  of  thla  approach  ia  ahown  in  Chart  0.  Inatead  of  protect¬ 
ing  the  80-hydroxy  group  aa  a  allyl  ether,  it  waa  hoped  that  the  C-8  hydroxy 
group,  being  allyli,  would  be  aore  reactive  than  the  hindered  C-4  hydroxy 
group,  and  therefore  aelective  introduction  of  a  foraate  eater  at  C-8  ahould 
be  poaalble.  Thla  subsequently  could  be  reaoved  aelectlvely  under  very  aild 
condition*  without  affecting  the  priaary  acetate  function  at  C-15.  Unfortu¬ 
nately.  the  converaion  of  0^2  to  D-3  ualng  acetlc-foralc  anhydride  waa  not 
clean  and  therefore  thla  approach  waa  alao  abandoned. 

Another  approach  la  ahown  In  Chart  B.  The  allyl  ether  at  C-4  waa  pre¬ 
pared  In  good  yielda,  following  a  aerlea  of  atandard  tranaforaationa.  How¬ 
ever.  when  hydroxylatlon  with  aelenlua  dioxide  waa  atteapted,  very  poor  yields 
were  encountered.  Apparently  hydroxylatlon  at  C-8  is  very  sensitive  to  the 
functionality  at  C-4.  Thla  approach  was  therefore  abandoned. 

Another  approach  la  shown  in  Chart  P.  Instead  of  using  a  protection- 
deprotection  scheae  aa  eaployed  In  the  earlier  approaches,  the  C-4  hydroxy 
functionality  was  saoothly  oxidized  to  give  the  corresponding  ketone.  P-2, 
before  the  Introduction  of  the  C-8  8-hydroxy  group.  However,  when  hydroxyla- 
tion  of  P-2  with  selenlua  dioxide  was  atteapted,  very  poor  yields  along  with 
extensive  decoapoaition  were  encountered,  probably  due  to  the  presence  of 
ketone  at  C-4.  Therefore,  this  approach  was  also  abandoned. 
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Chart  F 

Fourth  Attempted  Synthesis  of  4-Keto  Analog  of 


a)  OH 

b)  AcCl  ,  Et3N 

c)  Pyrldinlum  ch lorochromat e 

d)  Se02 
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Another  approach  Involving  th«  uae  of  a  silyl  ether  aa  a  protecting  group 
la  shown  In  Chart  0.  The  THP  ether  of  anguldine  (G-l )  was  converted  to  the 
protected  lnteraedlate  G-2  by  a  series  of  standard  transformations  a-o.  Thus, 
G-l  was  subjected  tw  selenlua  dioxide  hydroxylatlon  to  give  the  80-hydroxy 
conpound.  The  stereochealstry  at  C-8  was  Inverted,  as  discussed  above,  using 
trlphenylphosphlne,  diethyl  azodlcarboxylate  (DEAD)  and  foraic  acid  (cf.  Bose, 
et  al ; ,  1973).  This  lnteraedlate  was  then  subjected  to  hydrolysis  using 
aqueous  sodlua  bicarbonate  In  refluxing  aethanol  to  yield  the  naturally  occur¬ 
ring  trichothecane,  solanlol  (Ishil,  et  al.,  1971).  This  coapound  was  then 
protected  aa  a  t-butyldlaethylsilyl  ether  before  the  alkaline  hydrolysis  of 
the  dlacetates  to  give  G-2.  However,  we  were  unable  to  selectively  re-acety- 
late  the  prlaary  alcohol  at  C-1S  In  preference  to  the  secondary  alcohol  at  C- 
4.  Upon  exaalnatlon  of  a  aodel  of  G-2.  It  becaae  apparent  that,  with  the 
Introduction  of  the  sllyl  group  at  C-8,  the  C-15  alcohol  is  very  hindered,  and 
hence  the  lack  of  selectivity.  Therefore,  this  approach  was  abandoned. 

The  successful  approach  to  the  synthesis  of  a  T-2  toxin  analog  with  a  4- 
keto  functionality  Is  outlined  in  Chart  H.  This  procedure  Is  a  codification 
of  the  previous  scheae.  The  THP  ether  of  anguldine,  H-l .  was  subjected  to 
basic  hydrolysis  to  give  H-2  which  upon  re-acetylatlon  using  acetyl  chloride 
and  trlethylaclne  In  aethylene  chloride  yielded  H-3.  These  two  steps  pro¬ 
ceeded  In  essentially  quantitative  yields.  The  lnteraedlate  H-3  was  then 
subjected  to  selenlua  dioxide  hydroxylatlon  to  give  the  40,  80  dlol  H-4  In  52% 
yield.  This  coapound  was  then  successfully  treated  with  diethyl  azodlcarboxy¬ 
late,  trlphenylphosphlne  and  Isovaleric  acid  In  anhydrous  tetrahydrofuran  to 
give  exclusively  the  Isovalerate  ester  M-5  in  43%  yield.  The  ester  H-5  was 
then  subjected  to  pyrldiniua  chlorochroaate  oxidation  to  give  H-6  which  upon 
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Chart  G 

Fifth  Attempted  Synthesis  of  4-Keto  Analog  of  T-2  Toxin 


3 


a)  Se02 

t)  Formic  acid,  «3P,  diethyl  azodicarboxylate  (DEAD) 

c)  NaHC03 

d)  t-Butyldimethylsilyl  triflate 

e)  "OH 


f)  AcCl ,  Et3N 


Chart  H 

Successful  Synthesis  of  4-Keto  Analog  of  T-2  Toxin 


OH 

AcCl ,  Et-jX 
Se02 

Isovaleric  acid,  $ ,  DEAD 
Pyridinium  chlorochroume 


Pyridine-TsOH,  95X  EtOH 


treatment  with  a  catalytic  aaount  of  pyrldlnium  toaylate  In  refluxing  93% 
aqueous  ethanol  to  give  the  4-ke*one  H-7  In  73%  yield. 

A  email  aaount  (10  ag)  of  H-7  was  treated  with  carboxyaethoxyaalne  heni- 
hydrochlorlde  In  anhydrous  pyridine  for  40  h  at  35°C.  An  exaalnatlon  of  the 
reaction  mixture  by  TLC  Indicated  that  all  of  the  starting  material,  H-7.  was 
consumed;  and  a  major  product  (50%),  slightly  more  polar  than  H-7.  was  iso¬ 
lated.  It  appears  that  under  these  conditions,  eplmerlzation  of  the  C-3  a- 
hydroxy  group  to  the  C-3  6-posltlon  is  taking  place.  Mhen  this  reaction  was 
repeated  while  retaining  the  THP  ether  at  C-3  (in  the  hope  that  this  would 
prevent  the  observed  side  reactions)  only  unchanged  starting  material  H-6  was 
Isolated.  Neither  increasing  the  reaction  temperature  to  100°C  nor  adding  a 
catalytic  aaount  of  N,N-dlaethylaalnopyrldln«  produced  the  desire!  oxime  acid. 
A  final  attempt  to  prepare  the  oxime  under  acidic  conditions  usln|(  carboxy¬ 
aethoxyaalne  healhydrochlorlde  in  refluxing  toluene  under  azeotropic  removal 
of  water  resulted  in  extensive  decomposition.  It  was  concluded  that  the  4- 
ketone  is  too  hindered  to  undergo  a  reaction  to  the  oxiae,  and  this  this  prep¬ 
aration  was  abandoned. 

3.5  i5-Acctoxy-3a. 4g-dlhydroxy-8a-lsovaleryloxysclrpcn. 4-heal succinate  (I -3 ) 

The  synthesis  of  the  hapten  derived  froa  HT-2  toxin  is  shown  in  Char*-  I. 
The  reaction  of  the  3-THP  ether  of  HT-2  toxin  ( 1-1 )  with  succinic  anhydride  In 
pyridine  proceeded  saoothly  in  70%  yield  to  give  the  heaisuccinat s  1-2.  The 
THP  ether  was  cleaved  by  pyrldiniua  tosyiate  in  refluxing  EtOH  to  give  the 
heaisucclnate  derivative  of  HT-2  toxin  (1-3)  as  a  solid  in  51%  ylitld.  after 
silica  gel  chromatography.  The  physical  properties  (IR,  NMR,  and  NS)  were 
consistent  with  the  assigned  structure.  The  heaisucclnate  was  coupled  with 


Chart  l  - 

Synthesis  of  4-Hemisucc  Inate  of  HT-2  To::in 


-BuOCOCl ;  EtNH 
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bcvine  serial  albusln  (BSA,  vide  Infra).  Stability  of  the  acid  r^2  (e.g. , 
epoxide  cleavage,  hydrolysis,  etc.)  to  the  reaction  conditions  required  for 
conjugation  was  deteralned  by  preparing  the  l*-ethyl  aside  1^4  under  the  sane 
conditions. 


/> 

* 

I 

I 

1 


'« 

i 

7 

'j 
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4.0  Iaaunogen  Synthesis 

The  oxlae  acid  A-4  was  uaed  to  synthesize  laaunogens  J-l  and  J-2  fro* 
bovine  aerua  albualn  (BSA)  and  bovine  thyroglobulin  (BTg)  respectively.  Con¬ 
jugation  of  acid  to  protein  was  carried  by  the  nixed  anhydride  procedure  of 
Erlanger  et  al.  (1957)  aa  shown  In  Chart  J. 

Conjugates  were  purified  by  dialysis  using  Spectra/Por  tubing  with  a 
aolecular  weight  cutoff  of  12-14,300.  Ultraviolet  analysis  of  the  conjugate 
with  BSA  (14)  Indicates  an  incorporation  ratio  of  20  and  with  BTg  (15)  a  ratio 
of  60.  with  no  detectable  Unbound  4  in  either  conjugate. 

The  henisucclnate  1-3  was  used  to  synthesize  the  laaunogen  K-l  fron 
bovine  serua  albualn  (BSA).  Conjugation  of  (1-3)  to  protein  was  carried  out 
by  the  sane  nixed  anhydride  procedure  as  shown  In  Chart  K. 

The  conjugate  was  purified  by  dialysis  using  Spectra/Por  tubing  with  a 
aolecular  weight  cutoff  of  12-14,000.  An  Incorporation  ratio  of  19  aoles  of 
hapten  per  aole  of  BSA  was  obtained,  as  deteralned  by  the  procedure  of  Habeeb 


(1966). 
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Chart  J 

Synthesis  of  8-Linked  Immunogen 


a)  Et3N 

b)  i-BuOCOCl 

c)  Protein  in  0.1  M  NaHC03 


Chart  K 

Synth. -sic  of  4-Linked  Immunogen 


Protein  •  BSA 


EhN 

i-BuOCOCl 

Protein  in  0.1  M  NaHCO, 
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G.O  Preparation  and  Initial  Characterization  of  Antibodies  to  T-2  Toxin 
The  Immunogens  shown  below  were  each  used  to  immunize  four  rabbits. 


B 


8-T-2-BSA  -  Protein  •  bovine  tenia  albualn 
8-T-2-BTg  -  Protein  *  bovine  thyroglobulin 


A  solid  phase  enzyae  laaunoossay  (E1A)  was  used  for  Initial  characterization 
of  antisera.  Test  sera  were  added  to  alcrotiter  plate  wells  coated  with  T-2- 
proteln  conjugate,  and  bound  antibody  was  detected  by  subsequent  addition  of 
peroxidase-coupled  second  antibody  followed  by  substrate.  Sera  fro*  rabbits 
Iwaunized  with  8-T-2-BSA  were  tested  on  wells  coated  with  S-T-4-BTg  and  con¬ 
versely.  Details  of  the  laaunlzation  protocol  and  of  the  EIA  are  given  in  the 
experimental  section.  Activity  of  test  sera  with  unconjugated  protein  and 
activity  of  noraal  rabbit  serua  with  8-T-2-protein  conjugates  were  aeasured  cs 
contrcis  for  specific  binding. 

Me  have  analyzed  the  sera  obtained  by  bleeds  1  and  4  of  all  8  rabbits 
immunized  with  8-T-2-proteln  conjugates  by  measuring  antibody  activity  as  a 
function  of  serua  dilution  in  the  EIA.  Typical  titration  curves  are  shown  in 
Figure  1.  The  titer  of  each  antiserum,  defined  as  the  reciprocal  of  the  dilu¬ 
tion  giving  50%  of  maximum  antibody  binding,  was  derived  by  Probit  analysis  of 


experimental  data.  Results  are  shown  in  Table  1. 


Table  1.  Titers  of  Rabbit  Antisera 


A.  Rabbits  laaunized  with  8-T-2-BSA 


Aniaal 

Bleed  1 

Titera 

Bleed  4 

531 

6,394 

9,277 

532 

13,111 

19,223 

533 

5,680 

11,846 

547 

7,080 

21,083 

B. 

Rabbits 

Iaaunized  with  8-T-2-BTg 

Aniaal 

Titer3 

Bleed  1  Bleed  4 

543 

10,688  29,824 

544 

7,642  17,079 

545 

5,890  6,376 

546 

4,719  3,934 

a 


Titers  are  defined  as  the  reciprocal  of  the  dilution 
giving  50%  of  maximum  antibody  binding  and  are  derived 
by  probit  analysis  of  the  data. 
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T-2  toxin  coupled  to  BSA  end  BTg  via  the  C-8  position  and  adalnlatered  to 
rabbits  according  to  the  described  protocol  elicited  a  strong  laaune  response 
(Table  1)  without  apparent  adverse  affects  on  the  laaunlzed  anlaals.  This  Is 
In  contrast  to  previous  reports  citing  the  difficulty  of  eliciting  a  vigorous 
laaune  response  by  Injection  of  (T-2-C3  healsucclnate)  BSA  (Hunter  et  al . . 
1985;  Pontelo  et  al.,  1983;  Peters  et  al.,  1982;  Chu  et  al..  1979).  The  weak 
laaune  responses  were  attributed  to  possible  toxic  effects  of  (free)  T-2 
toxin,  In  particular  on  cells  of  the  heaopoletlc  systea  undergoing  the  differ¬ 
entiation  and  proliferation  necessary  to  produce  an  laaune  response  (Hunter  et 
al.,  1985). 
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3.0  Reactivity  of  Polyclonal  Rabbit  Antisera  with  T-2  Toxin  and  Related  Trl- 
chothecenes 

Using  a  competitive  Inhibition  radloiaaunoassay  (CIRIA),  Me  have  analyzed 
one  antlserua  froa  each  of  four  rabbits  for  reactivity  Mltb  T-2  toxin,  HT-2 
toxin,  anguldlne,  neosolaniol,  T-2  triol,  T-2  tetraol,  verrucarln  A.  and  vomi- 
toxln  (Chart  L) .  See  experimental  section  for  details.  Two  of  the  antisera 
(531.4,  532.4)  Mere  from  rabbits  Immunized  with  the  8-T-2-BSA  conjugate  and 
tmo  (544.4,  545.4)  Mere  from  rabbits  immunized  rnlth  the  8-T-2-BTg  conjugate. 
Similar  results  Mere  obtained  Mith  all  four  sera.  Approximate  percent  cross¬ 
reactivities  at  503  radioligand  displacement  Mere 

T-2  toxin  1003 
HT-2  toxin  0.63 

anguldlne  603 

neosolaniol  383 
T-2  triol  <0.43 

T-2  tetraol  <0.43 

verrucarln  A  <0.43 

voaitoxln  <0.43 


Chart  L 

Trichc  thecanes  Tested  for  Antibody  Crossreactivity 


HT-2  Toxin  OH  OH  OAc  X 

Anguidine  OH  OAc  OAc  H 

Neosolaniol  OH  OAc  OAc  OH 

T-2  Triol  OH  OH  OH  X 

T-2  Tetraol  OH _ OH  OH _ OH 

X  -  OOCCH2CH(CH3>2  ~ 


VERRUCARIH  A 


Vomitoxin  OH  H  OH  OH 
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7.0  Recoaaendatlons  and  Plans 

1.  To  coaplete  the  long-tera  laaunlzatlon  protocols  for  rabbits  laau- 
nlzed  with  8-T-2-BSA  and  8-T-2-BTg,  which  entails  two  additional  laaunlzatlons 
(days  261  and  293)  and  bleedings  (days  272  and  304).  He  will  then  have  8 
antisera  froa  each  cf  7  rabbits  and  8  antisera  froa  one  rabbit  (anlaal  *532 
died  on  12/31/85  froa  causes  unrelated  to  the  laaunlzatlon  protocol).  All 
these  antisera  will  be  characterized  In  the  EIA,  and  binding  affinities  and 
cross-reactivities  of  selected  antisera  will  be  determined  in  the  RIA. 

2.  To  produce  and  characterize  trichothecane-reactive  aurlne  aonoclonal 
antibodies  using  T-2  toxin  coupled  to  BSA  at  the  C-8  position. 

3.  To  produce  and  characterize  polyclonal  antisera  in  rabbits  laaunlzed 
with  the  heal  succinate  derivative  of  HT-2  toxin  coupled  at  the  C-4  position  to 
chick  gaaaa  globulin  (CGG)  and  to  BSA. 

4.  To  begin  production  of  aurlne  aonoclonal  antibodies  to  tho  healsucci- 
nate  derivative  of  anguldlne  coupled  at  the  C-4  position  to  CGG  and  to  BSA. 
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6.1  Chealgtn 


Halting  points  Here  obtained  on  a  Xofler  Hot  Stage  and  are  uncorrected. 
The  infrared  spectra  Here  deterained  in  CH^Clg  on  a  Perkin-Elaer  267  Infrared 
Spectroaeter.  Proton  NMR  spectra  Here  obtained  in  CDClg  Hith  a  Varian  EM-360 
at  60  MHz  or  Hith  a  Bruker  WM-250  spectroaeter  at  250  MHz.  Chealcal  shifts 
are  expressed  in  ppa  Hith  tetraaethylsilane  as  an  Internal  standard..  Mass 
spectra  Here  deterained  Hith  an  AEI  MS902  spectroaeter  at  an  ionizing  voltage 
of  70  eV. 

All  reactions  Here  run  under  dry  nitrogen.  Tetrahydrofuran  (THP)  Has 
freshly  distilled  froa  llthlua  alualnua  hydride  prior  to  use.  Coluan  chroaa- 
tography  Has  perforaed  on  slurry  packed  silica  gel  (Kleselgel  60,  70-230  aesh) 
coluans  or  E.  M.  Merck  Lobar  coluans. 

K 

J1  ■ I5-Dlacetoxvsclrpene-3q.86-dlol  (A-2) .  This  coapound  Has  prepared  by 
the  literature  aethod  (Kaneko  et  a». .  1982):  yield  57*:  ap  116-120°C  (lit.  ap 
114-116°C) . 

ifi  ■ 13-Diacetoxv-3a-hydroxysclrpen-8-one  (A-3) .  This  coapound  Has  pre¬ 
pared  by  the  literature  aethod  (Kaneko  et  al..  1082):  yield  88*;  foaa  (lit. 


foaa) . 


46. 15-Dlacetoxy-3q-hydroxy8clrpen-8- (O-carboxyaethyl loxiae  (A-4 ) .  To  a 


solution  of  A-3  (105  ng.  0.28  aaol)  in  anhydrous  pyridine  (2  aL)  Has  quickly 
added  carboxyaethoxyaaine  healhydrochiorlde.  The  reaction  vessel  was  stop¬ 
pered  and  heated  in  an  oil  bath  at  35°C  for  40  h.  The  solvent  was  then 
reaoved  j_n  vacuo  and  the  residue  dissolved  in  CHgClj  (10  aL)  and  washed  with 
cold  (0°C )  0.5  N  HC1  (5  aL).  The  organic  layer  was  dried  (Na„S0. )  and  the 
solvent  reaoved  JUj  vacuo.  The  residue  was  eluted  froa  a  silica  gel  (6  g) 
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coluan  using  toluene-dloxane-acetic  acid  (64:35:0.1)  to  give  57  ag  (45%  yltid) 
of  A-i  as  a  foaa.  Although  it  was  hoaogeneoua  by  TLC  (silica  gel;  toluene- 
dloxane-acetic  acid  (9:5:0. 5)],  all  attempts  to  crystallize  A-4  were  unsuc¬ 
cessful;  IR  3600,  1735,  1710,  1590  ea-1;  UV  (NeOH)  243  na  (c.  13,750);  NHR  6 
0.83  (S,  3,  C-14 ) ,  1.76  (s.  C.  C-16),  1.95  (s,  3.  OAc).  2.07  (s,  3.  OAc),  2.77 
(d,  1,  J  -  4Hz ,  C-13) ,  3.00  (d,  1,  J  -  4Hz,  C-13),  3.63  (d.  1.  J  -  5Hz,  C-2). 
3.96  (s.  2.  C-15) ,  4.17  (a,  1,  C-3),  4.50  (d.  1,  J  -  6Hz,  C-ll),  4.58  (s,  2. 
0-CH2-C00H),  5.17  (a,  1.  C-4),  5.87  (d,  1.  J  -  6Hz.  C-10). 

W-Ethvl  Aalde  of  45. 15-Dlacetcxy-3a-hvdroxvsclrpen-8-(0-carboxyaethyl )- 
oxlae  (A-5).  To  a  cold  (15°C)  solution  of  A-4  (22  ag,  0.06  aaol)  in  anhydrous 
dioxane  (2  nL)  was  added  Et^N  (14  uL,  0.1  aaol).  After  stirring  for  3  aln, 
lsobutylchloroforaate  (14  uL,  0.1  aaol)  was  added,  and  the  reaction  was 
allowed  to  proceed  for  an  additional  20  aln,  after  which  tlae  this  reaction 

alxture  was  added  to  cold  (0°C)  stirred  solution  of  70k  KtNH  in  HO.  The 

*  2 

reaction  alxture  was  stirred  at  0°C  for  1  h  and  at  rooa  teaperature  for  1  h. 

The  reaction  alxture  was  then  diluted  with  a  saturated  solution  of  NaHCO  and 

3 

extracted  with  CH2C12  (3x).  The  organic  phase  was  dried  (Na2S0^)  and  the 
solvent  reaoved  In  vacuo.  Analysis  by  TLC  (silica  gel.  EtOAc )  and  HPLC 
(Partlsll  10,  RCN;  85:15  EtOAc-hexune ,  265  na)  indicated  that  only  one  product 
was  foraed;  IR  3550,  3440,  1735,  1710,  1670  ca"1;  IWR  6  0.09  (c.  3,  C-14), 
i.20  (t.  3.  J  •  5Hz,  N-CHg-CHg),  1.88  (s,  3,  C-16),  2.02  (s,  3,  OAc).  2.16  (s, 
3,  OAc).  2.88  (d.  1.  J  -  4Hz ,  C-13),  3.07  (d,  1,  J  -  4Hz,  C-13),  3.39  (a.  2. 
N-CH2-CH3).  4.03  and  4.20  (ABq,  2,  J  -  12Hz.  C-15),  4.25  (a,  1.  C-3),  4.44  (d. 
1.  J  *  5Hz ,  C-ll),  4.55  (s,  2.  O-CJ^-CONHEt ) .  5.19  (d,  1.  J  »  3Hz.  C-4).  6.03 
(d.  1,  J  •  5Hz ,  C-10).  Anal.  <C23H32N209) :  Pound  a/z  480.211.  Required  a/z 


480.211. 


amw! 


w 
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ifi  -15-Dlacetoxv-3q-0-(2-tetrahydropyranyl )sclrpene  (A-6) .  Thia  coapound 
was  prepared  according  to  a  literature  procedure  (Kaneko  et  al . ,  1982). 

4B-15-Diacetoxy-3'T-0-(2-tetrahydropyranyl )aclrpene-88-ol  (A-7).  Solution 
of  A -8  (630  ag,  1.4  aaol)  and  Se02  (171  ag,  1.8  aaol)  In  dloxane  (34  aL)  con¬ 
taining  water  (1.4  aL)  waa  refluxed  for  22  h.  The  aolventa  were  reaoved  In 
vacuo  and  the  residue  dissolved  In  CH2C12  (3  aL)  and  filtered  through  Cellte. 
This  aaterlal  was  then  eluted  froa  a  Merck  Lobar  silica  gel  coluan  (size  B) 
using  a  gradient  of  10k  EtOAc  In  CH^Cl^  to  80k  EtOAc  In  CH2C12  to  yield  A-7 
(393  ag.  60k)  as  a  foaa;  IR  3600,  1735  ca"1;  NMR  6  0.72  (s.  3,  C-14),  1.78  (a, 
3.  C-16) ,  2.02  (s.  3.  OAc) ,  2.05  (a.  3.  OAc).  2.73  (d.  1.  J  -  4Hz,  C-13),  3.00 
(d.  1.  J  -  4Hz ,  C-13),  5.47  (a.  2.  C-4,  C-10). 

M  -15-Dlacetoxy-3q-0-(2-tetrahydropyranyl)-8a-lsovaleryloxysclrpene 
f  A—  1 1 ) .  To  a  solution  of  A-7  (120  ag,’0.27  aaol),  (CgHgljP  (141  ag.  °-54 
aaol)  and  Isovaleric  acid  (55  ag,  0.54  aaol)  In  anhydrous  THF  (2  aL)  was 
slowly  (1.5  h)  added  a  solution  of  diethyl  azodlcarboxylate  (95  ag.  0.54  aaol) 
In  anhydrous  THF  (2  aL).  After  stirring  at  rooa  teaperature  for  an  additional 
hour,  the  reaction  alxture  was  diluted  with  CH2C12  (15  aL)  and  shaken  with  a 
saturated. solution  of  NaHCO.  (5  aL).  Reaoval  of  the  dried  (Na„SO.)  solvent  in 
vacuo  gave  crude  A-l 1  which  was  purified  by  elution  froa  a  Merck  Lobar  silica 
gel  coluan  (size  A)  using  50k  EtOAc  in  hexanes  to  yield  71  ag  (49k)  of  pure 
A- 1 1  as  a  foaa;  IR  1735  ca"1;  NMR  6  0.72  (s,  3.  C-14),  0.95  (a,  7,  (CH^-CH- 
CH2-C0),  1.74  (s.  3.  C-16),  2.06  (s.  3,  OAc),  2.09  (s.  3,  OAc),  2.78  (d.  1. 

J  -  4Hz ,  C-13),  3.03  (d.  1,  J  -  4Hz ,  C-13),  5.29  (d,  1.  J  -  4Hz,  C-8),  5.80 
(a.  2,  C-4,  C-10). 

48. 35-Dlacetoxy-8q-laovaleryloxy9clrpen-3q-ol  (T-2  toxin,  A-12).  A  solu¬ 
tion  of  A-l  1  (20  ag,  0.04  aaol)  and  pyrldiniua  tosylate  (3  ag,  0.02  arrol)  in  , 
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•5%  EtOH  (1  aL)  was  basted  to  reflux  for  1  h.  After  reaovsl  of  the  solvent  In 
vacuo .  the  residue  was  eluted  froa  silica  gel  (1  g)  with  a  gradient  of  25% 
EtOAc  In  CHgClg  to  EtOAc  to  yield  12  ag  (67%)  of  T-2  toxin  (A-12) .  ap  145- 
146°C  (lit.  ap  150-151°C,  Baaburg  et  Si . .  1968);  IR  3600.  1735  ca-1 ;  NMR  6 
0.81  (s.  3.  C-14) ,  0.96  (a.  7,  (CH3  J^Cff-CO) .  1.75  (s.  3.  C-16.  2.03  (s.  3. 

OAc) ,  2.15  (s.  3,  OAc) ,  2.80  (d,  1.  J  -  4Kz,  C-13),  3.06  (d.  1.  J  -  4Hz. 

C-13) ,  3.80  (d,  1.  J  -  4HZ.C-2),  4.05  and  4.30  (ABq,  2.  J  -  12Hz.  C-15),  4.17 
(a.  1.  C-3).  4.35  (d.  1.  J  -  6Hz,  C-ll),  5. CO  (a.  2,  C-4.  C-8),  5.81  (d.  1. 

J  -  6Hz,  C-10). 

46. 15-Dlacetoxv-8a-0-(3-aethvl-3-butenoyl )»clrpen-46-ol  (B-2) .  To  a 
solution  of  520  ag  (1.4  aaol)  of  B-l  ((Kaneko  et  al.,  1982).  (C.H_)„P  (734  ag. 

““  o  5  J 

2.08  aaol)  and  280  ag  of  3-aethyl-3-butenolc  acid  (Salth  et  al . .  1981)  In 
anhydrous  THF  (25  aL)  was  slowly  (1.5  h)  added  a  solution  of  diethyl  azodlcar- 
boxylate  (409  ag,  2.8  aaol)  In  anhydrous  THF  (5  aL).  After  stirring  at  rooa 
teaperature  for  an  additional  3  h.  the  reaction  aixture  was  diluted  with 
CH2C12  (150  aL)  and  shaken  with  a  saturated  solution  of  NaRC03  (50  aL). 

Reaoval  of  the  dried  (NagSO^)  solvent  in  vacuo  gave  crude  B-2  which  was  puri¬ 
fied  by  elution  froa  silica  gel  (30  g)  using  a  gradient  of  50%  Et20  In  hexanes 
to  EtgO  to  yield  255  ag  (40%)  of  pure  B-2  as  a  foaa;  IR  3500,  br  1730  on  ; 

NMR  6  0.81  (a.  3.  C-14).  1.75  (s.  3.  C-16).  1.82  (s,  3,  CHg-C-C^).  2.04  (s, 

3,  OAc).  2.15  (s.  3,  OAc).  2.80  (d,  1.  J  -  4Hz,  C-13).  2.99  (s.  2.  C(0)-CH2- 
C-CH2).  3.06  (d.  1.  J  -  4Hz .  C-13).  3.69  (d.  1.  J  -  5Hz,  C-2),  4.87  (s,  1. 
CH2-C-CH2),  4.93  (s,  1,  CHg -C-CH2 ) ,  5.30  (a.  2,  C-4  and  C-8),  5.81  (d.  1,  J  - 
6Hz.  C-10).  Required  for  C24H32°9’  ■'/z  <64. 2046.  Found:  a/z  464.2049. 
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45. 13-Dlacetoxy-8a-f3,4-^H^-laovalervloxylsclrpen-3a-ol  (Trltlated  T-2 
Toxin.  B-3) .  A  solution  of  B^2  (20  ag,  0.04  aaol)  and  tris(trlphenylphos- 
phine)rhodlua(I)  chloride  (8  ag)  in  toluene  (0.75  aL)  was  exposed  to  5  Ci  of 
trltlua  gas  at  rooa  teaperature  for  24  h.  The  solution  aas  transferred  to  a 
vial  Kith  MeOH  and  the  solvents  reaoved  alth  a  stress  of  nitrogen.  The  resi¬ 
due  was  chroaatographed  on  a  20  x  20  x  0.1  ca  silica  gel  plate  (E.  N.  Merck) 
with  2:1  EtOAc  in  hexanes. 

The  band  corresponding  to  T-2  toxin  was  eluted  with  about  10  aL  of 
chlorofora/ethanol  (1/1).  The  resulting  solution  was  then  diluted  to  50  aL 
with  ethanol  and  then  to  1  liter  with  toluene. 

An  aliquot  (100  aL)  was  withdrawn  and  the  solvent  concentrated  in  vacuo 
to  1.0  aL.  This  aliquot  was  then  transferred  to  a  flask  containing  1.0  ag  of 
anguldlne.  to  be  used  as  an  internal  standard  for  0LC  analysis.  This  alxture 
was  thisn  analyzed  on  an  0V-17  GLC  coluan  at  a  programed  teaperature  of  200°C 
to  250 5C.  The  lntergal  of  the  known  concentration  (1  ag/aL)  of  anguldlne  was 
626  and  the  lntergal  of  the  unknown  concentration  of  T-2  toxin  was  825  for  a 
ratio  Df  1:1.32.  Thus,  th6  10*  aliquot  of  the  total  saaple  contains  1.32  ag 
of  T-2  toxin,  and  therefore,  the  total  recovered  tritlated  T-2  toxin  was 
13.2  ag.  An  aliquot  was  counted  using  a  Mlnaxl  Tri-Carbw  4000  series  scintil¬ 
lation!  counter  to  give  an  activity  of  73.9  aCl  per  ag,  or  34.3  Cl  per  aaol. 

3<»-0-Tetrahydropyranyl9clrpene-48. 15-dlol  (H-2) .  To  a  cold  (0°C)  solu¬ 
tion  of  1.26  g  (2.8  aaol)  of  3a-0-tetrahydropyranylsclrpene-4B, 15-diol  diace¬ 
tate  (|hl)  (Kaneko  et  al. .  1962)  in  THP  (25  aL)  and  MeOH  (15  aL)  was  added 
0.3  N  NaOH  (40  aL).  The  reaction  flask  was  stoppered  and  allowed  to  stand  at 
5°C  for  18  h.  The  reaction  alxture  was  then  diluted  with  CH2C12  (200  aL)  and 
shaken  with  H„0  (2  x  100  aL)  and  brine  (50  aL).  Reaoval  of  the  dried  (Na.SO  ) 
solvent:  In  vacuo  yielded  958  ag  of  H-2  (93*)  as  an  oil  (Roush  et  al . .  1985). 


solution  of  H-2  (0.96  g,  2.6  aaol)  in  EtgN  (1  sL)  and  CK^Clg  (40  bL)  was  added 
AcCl  (0.35  aL).  After  being  stirred  at  0°C  for  2  h.  the  reaction  Mixture  was 
diluted  with  CHgClg  (200  aL)  and  shaken  with  aqueous  NaHCOg  (2  x  50  aL).  HjO 
(50  aL)  and  brine  (50  aL).  Reaoval  of  the  dried  (Na2S0j)  solvent  Jbn  vacuo 
yielded  1.08  g  (96*)  of  as  a  foaa;  IR  (3600,  1735  ca"1;  NMR  A  0.81  (s,  3, 

C-14),  1.74  (a.  3,  C-16) ,  2.00  (s,  3,  OAc),  2.72  (d.  1,  i  -  4Hz,  C-13),  2^97 
(d,  1,  J  »  4Hz,  C-13),  5.42  (a,  1,  C-10).  Molecular  ion  was  not  observed; 
required  for  M*-THP  (Ci7H23°6^:  u^z  323 *H9.  Found:  m/z  323.149. 

3a-0-tetrahydroovranvl -15-acetoxysclrpen-46-86-dlol  (H-4 ) .  A  solution  of 
1.08  g  (2.4  bboI)  of  H-3  and  333  ag  (3.0  aaol)  of  freshly  subllaed  SeOg  in 
dloxane  (64  aL)  and  H20  (2.8  bL)  was  refluxed  for  17  h.  After  reaoval  of  the 
solvent  lji  vacuo,  the  residue  was  eluted  froa  silica  gel  (15  g)  using  a  gradi¬ 
ent  of  10*  EtOAc  in  CHC13  to  50*  EtOAc  in  CHC13  to  yield  635  Bg  (68*)  of  H^4 
as  «  foaa;  IR  3800,  1735  ca'1;  NMR  A  0.85  (8,  3,  C-14).  1.83  (s.  3.  C-16), 

2.00  (s,  3,  OAc),  2.72  (d,  1.  J  -  4Hz,  C-13),  2.97  (d.  1.  J  -  4Hz,  C-13).  5.42 
(a.  2,  C-10).  Required  for  C22H32°8:  m^z  <24-20®7-  Found:  m/z  424.2094. 

3a-0-Tetrahvdropyranyl-8a-lsovaleryl-15-acetoxvsclrpen-4B-ol  (H-5) .  To  a 

stirred  solution  of  H-4  (600  ag,  1.4  aaol),  (CHIP  (750  ag,  2.9  aaol)  and 

0  0  3 

isovaleric  acid  (290  ag,  2.9  aaol)  in  THP  (13  aL)  .as  slowly  (2  h)  added  a 
solution  of  diethyl  azodicarboxylate  (DEAD)  (417  ag,  2.9  aaol)  in  THF  (2  aL). 


After  stirring  at  rooa  teaperature  for  3  h.  the  solvent  was  reaoved  Jjn  vacuo 
and  the  residue  taken  up  lrt  CHClg  (200  aL).  The  excess  Isovaleric  acid  was 
reaoved  by  shaking  with  aqueous  NaHC03  (2  x  50  aL)  and  the  organic  layer  dried 
over  Na„S0..  The  crude  product  obtained  after  reaoval  of  the  solvent  in  vacuo 

c  4  -  - “ 

was  purified  by  elution  froa  silica  gel  (10  g)  with  Et20  in  hexane  (2:1)  to 


42 


five  223  ag  (35*)  of  pure  JM5  ee  a  foee;  IR  3600.  1735.  1725  ca"1;  HMR  6  0.83 
(e.  3.  C-14) ,  0.06  [d.  6.  J  -  5H*.  (CJg^CH-CHgJ .  1.72  (e.  3.  C-16).  2.00  (s. 
3.  OAc),  2.02  (d.  2.  J  -  4 It.  (CH^-CH-CHg-C-O) .  2.72  <d.  1,  J  -  4Hz.  C-13). 
2.97  (d.  1.  J  -  4Mz.  C-13).  5.18  (d.  1.  J  -  6Hz.  C-8),  5.58  (d.  1.  J  -  6Hz. 
C-10) .  Molecular  Ion  not  observed;  required  for  M+l  (C^^H^jO.);  a/z  509.2748. 
Found :  a/z  509 . 2748 . 

3a-0-Tetrahydropvranvl-8q-lsovalervloxv-15-acetoxysclrpen-4-one  (H-6) . 

To  a  stirred  alxture  of  J<^5  (22  ag,  0.044  aaol)  and  anhydrous  NaOAc  (4  ag, 
0.048  aaol)  In  CMgClg  (1  aL)  was  added  22  ag  (0.1  aaol)  of  pyrldlnlua  chloro- 
chroaate.  After  stirring  at  rooa  teaperature  for  17  h,  the  solvent  was 
reaoved  _ln  vacuo.  The  crude  ketone  H-6  was  purified  by  elution  froa  silica 
gel  (1  g)  using  CH2Cl2/EtOAc/hexane  (1:1:1)  to  yield  14  ag  (84*)  of  a  pure  H-6 
as  a  foaa;  IR  3580,  1740.  1730  ca"1;  NMR  6  0.90  [a.  9.  C-14.  (t-.13>2"CH-1,  1.72 
(S.  3.  C-18) ,  1.96  (s.  3.  OAc) ,  2.00  [d.  2.  J  -  4Hz,  (CHg^-CH-Cj^-C-O] .  2.87 

(d.  1,  J  -  4Hz.  C-13).  3.12  (d.  1.  J  -  4Hz.  C-13).  5.20  (a.  1.  C-8).  5.55  (a. 

1.  C-10). 

3a-Hydroxy-8a-lsovaleryloxy-15-scetoxysclrpen-4-one  (H-7) .  A  solution  of 
H-6  (153  ag.  0.3  aaol)  and  pyrldlnlua  tosylate  (8  ag,  0.04  aaol)  In  85*  EtON 
(8  aL)  was  refluxed  for  3  h.  Reaoval  of  the  solvent  gave  the  crude  product 
which  was  purified  by  elution  froa  silica  gel  (10  g)  with  EtOAc  in  hexane 
(2:3)  to  yield  110  ag  (88*)  of  pure  H-7;  IR  3600,  1740,  1730  ca'1;  NMR  &  0.89 
(a.  9.  C-14.  (CH3)2-CH-CH2],  1.67  (s.  3.  C-16).  1.95  (s.  3.  OAc).  2.00  (d.  2. 

J  -  4Hz .  (CH3)2-CH-CH2-C«0).  2.87  (d.  1.  J  -  4Hz.  C-13).  3.12  (d.  1.  J  -  4Hz. 

C-13).  3.90  (s,  2.  C-15).  4.20  (d,  1,  J  -  4Hz.  C-ll).  5.20  (a.  1.  C-8).  5.55 
(a,  1.  C-10).  Required  for  c2jH3o0g;  m/z  <22.1940.  Found:  a/z  422.1945. 
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Healsucclnate  of  3q-0-Tetrahydropyranyl-8a-laovalersIoxy-13-acetoxysclr- 
oen-48-ol  (1-2).  A  aolutlon  of  83  mg  (0.16  aaol)  of  3a-0-tetrahydropyranyl- 
8a-lsovaleryloxy-15-acetoxysclrpen-48-ol  (T-l )  (400  ag,  4  aaol)  of  subliaed 
succinic  anhydride  and  a  catalytic  aaount  (2  ag)  of  S,N-dlaethylaalno  pyridine 
In  4  aL  of  pyridine  (distilled  froa  BaO)  was  heated  at  100°C  for  1  h.  The 
reaction  alxture  was  then  cooled  to  40°C  and  the  solvent  reaoved  In  vacuo. 

The  residue  was  then  triturated  with  EtgO  and  filtered  to  reaove  the  precipi¬ 
tated  succinic  anhydride.  The  crude  healsucclnate  was  purified  by  elution 
froa  silica  gel  (10  g)  using  a  gradient  of  34%  EtOAc  in  CHC13  to  50%  EtOAc  in 
CHC13  to  yield  68  ag  (70%)  of  pure  Jjj2  as  a  foaa;  IR  3300,  1735  ca*1;  NMR 
6  0.70  (s,  3.  C-14 ) ,  0.95  [a.  7.  (CH^CH-CHg] .  1.80  (a.  3.  C-16).  2.00  (s,  3. 
OAc) ,  2.02  (s.  2.  (CH3)2-CH-CH2-C-0J,  2.87  [s.  4.  C(0)-CH2~CH2-0(0) ] .  2.79  (d. 
1.  J  -  4  Hz.  C-13),  3.06  (d.  1,  J  •  4  Hz.  C-l3),  5.30  (d.  1.  J  -  6  Hz.  C-8), 
5.80  (a,  2.  C-4  and  C-10).  Molecular  ion  not  observed;  required  for  [M+-C3H90 
(isovaleroyl)-C4H503(succlnoyl)]  c22H3o°8!  422-1940-  ^ound:  m/z 

422.1945. 

13-Acetoxv-3a.48-dlhydroxy-8a-lsovaleryloxysclrpene.  4  healsucclnate 

(1-3) .  A  solution  of  1-2  (150  ag,  0.25  aaol)  and  pyrldlnlua  tosylate  (10  ag, 

0.05  aaol)  in  95%  EtOH  (10  aL)  was  refluxed  for  4  h.  The  solvent  was  reaoved 

In  vacuo,  and  the  residue  redlssolved  In  CH2C12-  The  pyrldlnlua  tosylate  was 

reaoved  by  shaking  with  H„0,  and  the  organic  layer  was  dried  (Na„S0.). 

4  2  4 

Reaoval  of  the  solvent  In  vacuo  gave  94  ag  of  slightly  iapure  1-3.  which  was 
purified  by  elution  froa  silica  gel  (10  g)  using  10%  EtOH  In  EtOAc  to  yield 
53  ag  (40%)  of  the  healsucclnate  I -3  as  a  foaa;  IR  3500.  br  1730  ca  1 ;  NMR  6 
0.78  (s.  3.  C-14).  0.95  [a,  7.  (CHg )2CH-CH2J .  1.75  (s.  3.  C-16).  2.03  (s.  3, 
OAc).  2.14  (s,  2,  (CH3)2-CH-CK2-C-0),  2.68  [s.  4,  C(0)-C-H2-CH2.C(0) ] .  2.79 


(d.  1.  J  -  4  Hi,  C-13) ,  3.03  (d.  1.  J  -  4  Hi.  C-13),  3.68  (d,  1.  J  -  3  Hz. 
C-2),  3.28  (d,  1.  J  -  6  Hz,  C-8),  3.43  (d.  1,  J  -  3  Hz,  C-4).  3.80  (d,  I,  J* 
8  Hz.  C-10) .  Molecular  ion  not  observed;  required  for  [«+-C_H_0  (ieova- 

9  W 

leroyl))  C2]H28°10:  a/z  440.1682.  Found:  »/z  440.1685. 

W-Ethvl  Aalde  of  13-Acetoxy-3a.46-dlhydroxy-8q-laovalcryloxysclrpenc.  4 
hgaisucclnate  (1-4).  To  a  cold  aolutlon  of  1-3  (15  ag.  0.029  aaol)  in  anhy¬ 
drous  dloxane  (2  aL)  was  added  EtgN  (5  uL,  0.036  aaol).  After  stirring  for 
3  aln,  isobutyl  chloroforaate  (3  uL,  0.036  aaol)  was  added,  and  the  reaction 
was  allowed  to  proceed  for  an  additional  20  ain  after  which  tlae  the  reaction 
was  added  to  a  Cold  (0°)  solution  of  EtNH2  in  0.1  M  NaHCO^  The  reaction  was 
stirred  at  0°  for  1  b  and  at  room  teaperature  for  1  h.  The  reaction  alxture 
was  then  diluted  with  a  saturated  solution  of  MaHC03  and  extracted  with  CH2C12 
( 3X) .  The  organic  phase  was  dried  (NA^SO^)  and  the  solvent  reaoved  in  vacuo. 
Analysis  by  TLC  (silica  gel,  EtOAc)  indicted  that  only  one  product  was  foraed; 
IR  3440,  1730.  1670  ca"1;  NMR  6  0.70  (a,  1.  C-14),  0.93  [a.  7  (CH^-CH-CH^ , 
1.74  (a.  3,  C-16) .  2.05  (s,  3,  OAc),  2.40  [a,  2,  CtOl-CHg-CH^-M) ,  2.70  [a,  2. 
C(0) -CHg-CH^-N] ,  2.79  (d.  1,  J  -  4  Hz,  C-13),  3.02  (d.  1.  J  -  4  Hz,  C-13), 

3.28  (d.  1,  J  -  6  Hz,  C-8).  5.89  (a,  1,  C-4),  5.74  (d.  1.  J  -  6  Hz.  C-10). 
Required  for  C33H49N0jj!  ■/*  635.3305.  Found:  a/z  835.3300. 

Preparation  of  Bovine  Serue  Albuain  (BSA)  Conjugate  (J-l).  To  a  cold 
(15°C)  solution  of  A-4  (22  ag,  0.05  aaol)  in  anhydrous  dloxane  (2  aL)  was 
added  Et^N  (14  uL,  0.1  aaol).  After  stirring  for  3  aln,  lsobutyl  chlorofor¬ 
aate  (14  uL.  0.1  aaol)  was  added,  and  the  reaction  was  allowed  to  proceed  for 
an  additional  20  aln,  after  which  tlae  the  reaction  alxture  was  added  to  a 
stirred,  cold  (0°C)  solution  of  BSA  (66  ag.  0.001  aaol)  In  aqueous  NaHC03 
(0.1  N,  3  aL).  Stirring  was  continued  for  3  h  at  0°C  and  for  1  h  at  rooa 
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temperature.  The  reaction  aixture  was  diluted  with  dlatilled  water  (20  aL) 
and  dialyzed  against  dlatilled  water  (2  L.  12  changes).  The  clear  solution 
was  lyophllized,  yielding  60  ag  of  highly  electrostatic  aaterlal.  Analysis  by 
UV  using  the  following  foraula  (cf.  Cook  et  al.,  1980)  indicates  a  hapten 
Incorporation  of  25  units: 


Molar  Ratio 


A  X  MW 

conjugate  BSA 


BSA 


^hapten 


X  C 


conjugate 


conjugate 


X  c 

conjugate 

hapten  residue 


A 

-  absorbance 

C 

-  concentration  (ag/aL) 

MW 

BSA 

MW 

-  453-17 

hapten  residue 

*BSA  (8t  260  n-) 
hapten  <at  260  nB) 


-  1.55 

-  0.52 

-  66.000, 

-  436 
-25,750 

-  8,250 


Extraction  with  CHC1  showed  that  the  amount  of  unbound  hapten  was  lnslg- 
nlficant. 

Preparation  of  Bovine  Thyroglobul In  (BTg)  Conjugate  (J-2).  To  a  cold 
( 15°C)  solution  of  A-4  (14  ag,  0.03  aaol)  in  anhydrous  dloxane  (2  aL)  was 
added  Et  N  (9  yL,  0.06  aaol).  After  stirring  for  5  Bin,  isobutyl  chlorofor- 
aate  (9  uL.  0.06  aaol)  was  added,  and  the  reaction  was  allowed  to  proceed  for 
an  additional  25  aln,  after  which  tlae  the  reaction  mixture  was  added  to  a 
stirred,  cold  (0°C)  solution  of  BTg  (100  ag,  0.00015  aaol)  in  aqueous  NaHCO^ 
(0.1  M,  3  aL).  Stirring  was  continued  for  3  h  at  0°  and  for  2  h  at  room  tem¬ 
perature.  The  reaction  mixture  was  diluted  with  distilled  water  (20  aL)  and 
dialyzed  against  distilled  water  (2  L,  12  changes).  The  clear  solution  was 
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lyophlllzed,  yielding  90  ag  of  highly  electrostatic  aaterlal.  Analysis  by  UV 
using  the  foraula  in  the  experiaent  described  for  the  BSA  conjugate  indicated 
a  hapten  incorporation  of  60  units.  Extraction  with  CHC13  showed  that  the 
aaount  of  unbound  hapten  was  insignificant. 

Preparation  of  Bovine  Serua  Albualn  (BSA)  Conjugate  K-i .  To  a  cold 
(1S°C)  solution  of  C-3  (15  ag,  0.029  aaol)  in  anhydrous  dloxane  (2  aL)  was 
added  Et^N  (5  uL,  0.036  aaol).  After  stirring  for  3  ain,  lsobutyl  chlorofoh- 
aate  (5  uL,  0.036  aaol)  was  added,  and  the  reaction  was  allowed  to  proceed  for 
an  additional  20  ain,  after  which  tiae  the  reaction  alxture  was  added  to.  a 
stirred  cold  (0°C)  solution  of  BSA  (46  ag,  0.000?  aaol).  Stirring  was  contin¬ 
ued  for  3  h  at  0CC  and  for  1  h  at  rooa  teaperature.  The  reaction  alxture  was 
diluted  with  distilled  HgO  (20  aL)  and  dialyzed  against  distilled  H20  (2  L,  12 
changes).  The  clear  solution  was  lyophlllzed,  yielding  42  ag  of  highly  elec¬ 
trostatic  aaterlal. 

The  aolar  ratio  between  hapten  and  BSA  was  19:1  as  deteralned  by  the  free 
aaino  groups  present  in  BSA  before  and  after  the  conjugation  (Habeeb,  1966). 
Thus,  1.0  ag  of  conjugate  and  1.0  ag  of  JSA  were  each  dissolved  in  2  aL  of  2% 
NaHCOj.  To  these  solutions  was  added  0.1*  trlnltrobenzenesulfonlc  acid  (TNBS) 
(1  aL),  and  the  solutions  heated  at  60°C  for  4  h;  then  1  aL  of  10*  sodlua 
dodecyl  sulfate  was  added  to  solubilize  the  protein  and  prevent  its  precipita¬ 
tion  on  addition  of  0.5  aL  of  1  N  HC1.  The  abosrbance  of  the  solution  was 
read  at  335  na  against  a  blank  treated  «3  above.  The  reaction  of  BSA  gcve  an 
absorbance  of  2.70,  and  the  conjugate  gave  an  absorbance  of  1.84.  Thus,  68* 
of  the  awlno  groups  of  the  protein  conjugate  reacted  with  TNBS,  therefore  32* 
of  the  aaino  groups  have  reacted  with  the  hapten.  Since  there  are  61  aaino 
groups  available  (Habeeb,  1966)  for  reaction,  an  incorporation  of  19  units  is 
obtained  (0.32  x  61  *  19). 
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S. 2  Iaaunology 

Production  of  Antisera.  Four  feaale  rabbit*  (3  kg  weight)  were  iawunlzed 
with  T-2  BSA  and  four  with  T-2  BTg  aa  follow*:  On  day*  1,  3,  6,  and  15  each 
anlaal  was  Injected  lntraauscularly  In  the  thigh  with  0.5  aL  of  an  ewulslon 
consisting  of  equal  voluaes  of  T-2  protein  conjugate  at  0.3  eg/aL  In  physio¬ 
logical  saline  and  coaplete  Freund's  adjuvant  (Miles  Laboratories.  Inc.. 
Naperville,  IL).  On  days  29  and  43  and  thereafter  at  4  week  Intervals  each 
anlaal  received  an  lntraauscular  Injection  of  0.5  aL  of  eaulslon  containing 
equal  voluaes  of  T-2  protein  conjugate  (0.4  ag/aL  In  physiological  saline)  and 
lncoaplete  Freund's  adjuvant  (Miles  Laboratories).  Beginning  on  day  41  and 
subsequently  11  days  after  each  Injection  of  laaunogen  In  lncoaplete  Freund's 
adjuvant,  anlaals  were  bled  froa  a  peripheral  ear  vein.  Sera  were  harvested 
and  stored  at  -20°.  The  anlaals  appeared  noraal  and  healthy  throughout  the 
laaunlzatlon  procedure. 

Enzyae  Iaaunoassay  (EIA).  Antl-T-2-toxln  activity  In  the  above  sera  was 
aeasured  In  solid-phase  EIA.  Test  sera  were  added  to  alcrotlter  plate  wells 
coated  with  T-2  protein  conjugate;  bound  antibody  was  detected  by  subsequent 
addition  of  peroxidase-coupled  second  antibody  and  substrate.  Sera  froa  rab¬ 
bits  laaunlzed  with  T-2  BSA  were  tested  on  wells  coated  with  T-2  BTg  and  con¬ 
versely.  Activity  of  test  sera  with  unconjugated  protein  and  activity  of 
noraal  rabbit  serua  with  T-2  protein  conjugates  were  aeasured  as  controls  for 
nonspecific  binding.  Details  of  the  EIA  are  given  below. 

Wells  of  96-well  alcrotlter  plates  (Dynatech  Iaaulon  2  plates  with  flat 
bottoa  wells,  Fisher  Scientific)  were  pretreated  for  30  aln  at  rooa  teapera- 
ture  with  100  gL  per  well  of  0.1  M  Ki'2C03'  pH-9.  Plates  were  washed  twice 
with  deionized/distilled  water  and  suctioned  dry.  To  each  well  was  added 


SO  uL  of  T-2  protein  conjugate  or  unconjugated  protein  at  0.02  ag/aL  In  phos- 
phate  buffered  aallne  (PBS).  pH  7.2.  Plates  Mere  Incubated  at  37°  overnight 
or  until  Nells  Mere  dry.  To  prevent  further  adsorption  of  protein,  nella  Mere 
"blocked*  by  Incubation  slth  300  pL  of  0.7k  BSA/PBS  (Klrkegaard  and  Perry 
Lab*.,  Inc.,  Gaithersburg,  MD)  for  30  aln  at  rooa  temperature.  excess  mois¬ 
ture  mss  reaoved  and  SO  tiL  of  dilutions  of  test  sera  or  noraal  rabbit  serua  In 
PBS  Mere  added  per  veil.  Plates  Mere  Incubated  for  2  h  at  rooa  teaperature 
and  Mashed  once  nlth  0.02  N  laldazole  buffered  saline  containing  0.02k  Tneen 
20  (Klrkegaard  and  Perry  Labs).  Peroxidase-coupled  second  antibody  (affinity 
purified  goat  antibodies  to  rabbit  laaunoglobulln  0,  heavy  and  light  chain 
specific,  horseradish  peroxidase  conjugated,  Calblochea  Biochemical* ,  San 
Olego,  CA)  diluted  1:3000  In  lk  BSA/PBS  (Kltkegaard  and  Perry  Labs)  Mas  added 
at  50  uL  per  sell  and  Incubated  for  1  h  at  rooa  teaperature.  Plates  were 
Mashed  five  tlaes  alth  laldazole  vash  solution  (see  above),  and  50  uL  per  well 
of  ABTS  substrate  (Klrkegaard  and  Perry  Labs)  Mere  added.  Absorbance  at 
405  na  aas  read  using  a  Multtskan  Microplate  Reader  (Plow  Laboratories,  Inc., 
McLean,  VA)  after  2.5,  5,  15,  and  30  aln  at  rooa  teaperature. 

Coapetltlvc  Inhibition  Radlolaaunoassay  (CIRIA).  The  reactivities  of 
rabbit  antisera  531.4.  532.4,  544.4,  and  545.4  Mlth  T-2  toxin  and  related 
trlchothecenes  were  Measured  In  a  solution  CIRIA  using  (3HJ-T-2  toxin  prepared 
as  described  above.  Antlserua  dilutions  which  bound  MOk  of  added  radioligand 
were  used  In  these  assays.  After  Incubation  with  antibody  In  the  presence  of 
varying  concentrations  of  unlabeled  Inhibitors,  bound  and  free  radioligand 
were  separated  by  charcoal  adsorption.  Details  of  the  CIRIA  are  given  below. 

To  12  x  75  aa  git  is  tubes  were  added  0.40  aL  buffer  (phosphate-buffered 
saline,  pH  7.2,  containing  0.1k  w/v  BSA),  0.010  aL  radioligand.*  0.10C  jL 
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Inhibitor  solution  and  0.050  bL  antiserua  dilution.  For  each  assay  binding 
was  Measured  in  the  absence  of  added  Inhibitor,  and  non-specific  binding  was 
■easured  in  the  absence  of  serua  and  In  the  presence  ol'  noraal  rabbit  serua. 
Tubes  were  capped,  vortexed  and  incubated  overnight  at  4°C.  Charcoal  suspen¬ 
sion  (0.50  aL  per  tube  •  15.8  ag/aL  in  buffer)  was  addod  and  tubes  were 
capped,  vortexed.  Incubated  for  20  nin  at  4°C  and  then  centrifuged  for  10  ain 
at  800  x  g.  One-half  nL  of  supernatant  was  renoved  from  each  tube  and  thor¬ 
oughly  alxed  with  10  nL  of  scintillation  fluid  (Scintl  Verse  II,  Fisher  Scien¬ 
tific  Coapany).  Saaples  were  counted  in  a  Packard  Tri-Carb  480  CO  liquid 
scintillation  counter. 

*For  use  in  the  RIA,  an  aliquot  of  radioligand  solution  in  toluene  was 
reaoved,  evaporated  to  dryness  using  gas,  and  redlsiolved  in  a  snail  voluae 

of  95%  ethanol.  The  radioligand/ethanol  solution  was  diluted  in  buffer  (phos¬ 
phate  buffered  saline,  pH  7.2,  containing  0.1%  m/v  bovine  serua  s.lbualn)  so 
that  0.010  aL  of  radioligand  solution  contained  approxlaately  20,000  cpa  of 
radioactivity. 
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